Among 102,170 cultured lymphocytes obtained from 9818 individuals from Hiroshima, Japan, aged 9 to 37 years and scored for chromosomal abnormalities, 24 cells that exhibited an extreme degree of damage were encountered.
In 1970 we reported (1) that, in studies of lymphocytes cultured from blood samples obtained from 49 apparently normal, quite unacculturated Yanomama Indians living in South America, we observed that about 1 in 200 of the cells exhibited an extreme collection of chromosomal abnormalities (dicentrics and tricentrics) plus scattered fragments. In two subsequent years, the frequency of such cells was much lower, about 1 in 5000 (2) . In the original observation, the frequency of damaged cells per individual was not uniform, the observations departing grossly from a Poisson distribution. In a review in 1982, Cowell (3) pointed out that the "scattered fragments" we had encountered resembled the "double minutes" seen in the cells of some patients whose malignancies have been treated with radiation or chemical agents, notable among the latter being methotrexate. However, unlike the double minutes seen following cancer chemotherapy or the treatment of cultured cells with methotrexate, these double minutes would all seem to have arisen in a single cell generation. Because of the decrease in these cells over a two-year period, we favored the explanation that they were a transient manifestation of a tropical viral infection, but there was no supporting evidence for this suggestion.
The exotic nature of the population in which the finding was first encountered was scarcely conducive to thinking of this as a general phenomenon. Now, however, similar findings of very rare, complexly abnormal cells have been reported from three other laboratories. Hsu (4) pictures one such metaphase, encountered in a lymphocyte culture of a normal person whose spontaneous chromosome breakage frequency was otherwise low. Fox et al. (5) observed among specimens from 153 commercial and sports divers studied in the United Kingdom, from each of whom 100 cultured lymphocytes were examined, one or more such cells in the preparations from each of 6 men. No such cells were observed in 127 controls. Tawn et al. (6) , in a study scoring 200 cultured lymphocytes from each of 12 presumably normal young subjects from the United Kingdom (10 men and 2 women), found such cells in 2 men; when the scoring of the preparations from these 2 men was extended to 500 cells, there were 4 such cells from 1 man and 5 from the other man. When the two persons were restudied 3 months later, among 500 cells scored from each there were no such cells. We suspect that others who have encountered these cells have not reported them because of their bizarre and inexplicable nature.
In this communication, we report on the occurrence of this phenomenon in still another population, the Japanese. The presence of such cells in normal Japanese individuals has already been briefly alluded to by Awa et al. (7), who observed among 24,414 cells cultured from adults with no known clastogenic experience, 5 cells "containing more than five exchange aberrations of unidentifiable nature" (-1 per 5000 cells). Here we describe observations on the frequency ofthese cells in preparations from 9818 children of proximally and distally exposed survivors of the atomic bomb, examined in the course of studies of the cytogenetic effects of these weapons.
MATERIAL AND METHODS
The population studied is about evenly divided between the children of a group of "proximally exposed" survivors of the atomic bombing of Hiroshima (within 2000 m of the hypocenter) and the children of a group of distally exposed survivors (>2500 m from the hypocenter). The proximally exposed survivors received from 1 rem (1 rem = 0.01 S-v) of radiation up to the maximum consistent with survival; the distally exposed parents received essentially no radiation at the time of the bombing. These children were being studied in a search for evidence of transmitted chromosomal damage (8, 9) ; the findings to be described here are an incidental observation that, as we will show, is unrelated to the radiation history of the parents.
Venous blood samples were obtained in the usual fashion with 0.1 ml of 1000 international units of sodium heparin/ml added to 2-3 ml of blood as anticoagulant. For culture, 2 ml of whole blood was combined with 10 ml of MEM (modified Eagle's medium) plus 0.3 g of glutamine/liter and 2 ml of heat-inactivated fetal bovine serum. Just prior to incubation, 0.1 ml of phytohemagglutinin (10 mg/ml, Wellcome) was added to the preparation. At 50 hr of incubation, 0.1 ml of 0. 4 ,ug of colchicine/ml was added to the preparation, and incubation was continued for another 2 hr. Cells were harvested and treated with a hypotonic solution (a mixture of 1 part of 1% sodium citrate and 1 part of 0.075 M KCl, then fixed with a methanol/acetic acid mixture (3:1, vol/vol); the preparation was flame dried and stained with standard
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. to have been synthesized in at least the usual amount in these cells. (ii) A second formal explanation could be, as we suggested earlier (1) , the effect of a virus whose action was limited to a relatively few cells, but such localization of what is obviously a very disruptive influence in a viral infection is difficult to visualize. (iii) One can speculate on an etiological role for some highly localized clastogenic agent, such as the deposition in a lymph node of an a-particle-emitting radio- 1969   154  148  302  2  1970  232  242  474  0  1971  355  340  695  0  1972  118  109  227  0  1973  193  231  424  0  1974  115  149  264  0  1975  98  129  227  1  1976  253  294  547  4  1977  290  275  565  4  1978  299  372  671  1  1979  462  500  962  1  1980  423  548  971  4  1981  499  554  1053  2  1982  577  582  1159  3  1983  489  416  905  0   1984  149  165  314  1   Total   4732  5086  9818  24 active element. The difficulty with this suggestion is, again, the apparent absence of cells exhibiting intermediate levels of damage between this extreme picture and the "usual" damaged cell, with, for example, a dicentric and a fragment, or several chromatid breaks. Furthermore, such cells were not observed in chromosome studies ofworkers with a significant body burden of plutonium (13) . (iv) A fourth possible explanation stems from the fact that interchange between sister chromatids and between homologous chromosomes is a normal phenomenon of somatic cells. The average normal lymphocyte manifests some 6.7 ± 1.35 sister chromatid exchanges per cell cycle in this laboratory. Furthermore, studies on chromosomal behavior in patients with retinoblastoma, using restriction fragment length polymorphisms on chromosome 13, suggest the occurrence of somatic cell crossing over between homologues (14) , comparable to the well known phenomenon of somatic cell crossing over in Drosophila (15) . The complexity of the rearrangements is such as might result from a malfunctioning of the poorly understood process responsible for both sister chromatid exchange and somatic cell crossing over, such as a failure in the usual specificity of DNA ligase action. Schimke and colleagues (16) have recently reviewed the evidence that a breakdown in the "replication control" of DNA, either spontaneously or induced by some extraneous agent, such as hydroxyurea, results in overreplication of DNA and thus a variety of chromosomal aberrations, ranging from small duplications to complex chromosomal rearrangements and minute chromosomes. It is tempting to view the phenomenon we are describing as the extreme in the spectrum of effects associated with this breakdown, but we are troubled in pursuing this explanation ( The frequency of this phenomenon in the lymphoid lineage at the time of a "wave" cannot be estimated with any accuracy at present. There must be a rather low probability that even the least striking of these cells can successfully complete the mitotic process, certainly less than one percent. Thus, if these cells are responding to the normal mitotic stimulus (and not simply accumulating), then in persons in whom the rogue cell phenomenon is peaking the frequency of origin of such cells should be substantially higher than the one in several hundred observed by various investigators.
Whether this phenomenon occurs in other types of somatic cells and what its long-range consequences are can only at present be the subject of speculation. Malignant cells of different types often manifest complex and somewhat specific patterns of chromosomal rearrangement. The possibility must be considered that the small fraction ofthese rogue cells that survive their first mitotic division may become, in some instances by virtue of rearrangement-activated oncogenes, the basis for a malignant clone of cells.
It is not yet established whether the phenomenon occurs in germ cells, although the rare reports of children with multiple chromosomal abnormalities (for summary see ref. 17 ) may suggest this to be the case. If it is a phenomenon of the germ line, one could visualize in the population of damaged cells a spectrum of severity, with some of the least damaged cells able to navigate meiosis successfully. If the resulting gamete possessed an unbalanced chromosomal composition, the result would be a grossly defective child; some of these might survive to term. In the rare case of gametes that emerge from this event with a balanced genome, the result could be the type of chromosomal reorganization that figures so largely in evolutionary speculation. Given that the phenomenon occurs in bursts, it is difficult to estimate an average frequency of germ cells resulting from this event. But were the event of the same order of frequency in the spermatogonia as may be the case for somatic cells in this series and should even 10-2 of these cells (the less damaged) successfully complete meiosis and emerge with a balanced genome, this would constitute a frequency to be reckoned with in evolutionary thought.
Schimke and colleagues (16) have expressed similar thoughts concerning a role of a breakdown in the replication control of DNA in carcinogenesis and evolution. It would be of extreme interest to establish whether the phenomenon we are describing is in fact the extreme in the spectrum of effects to be associated with this breakdown.
How general the rogue cell phenomenon is throughout the animal and plant kingdom remains to be determined. No other species has been subjected to the amount of karyotyping of presumably normal cells as the human species. A phenomenon of this rarity could easily have escaped attention in even such genetically well studied organisms as Drosophila and the mouse. Burdensome though the undertaking would be, it would be of great interest to generate comparable data from the mouse. Although the nature of the mouse karyotype has posed difficulties for classical cytogenetics, the phenomenon under discussion should be readily recognizable.
The appearance of numerous "double minutes" in cells, in vivo or in vitro, that have not been subjected to a clastogen is commonly interpreted as the result of cumulative amplification of specific chromosomal segments in response to some noxious agent. In this instance, these double minutes have come into existence in a single generation, in a cell whose exposure to a noxious agent can scarcely be as different from all the rest of the cells as this interpretation would imply. A considerable fraction must be the type of fragment that results at the time of formation of a dicentric. Whether in addition some are the consequence of an abortive replication procedure remains to be determined. Studies ofDNA content should be helpful in deciding this question.
